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Use, Assessment, and Improvement of the Loci-CHEM CFD 
Code for Simulation of Combustion in a Single Element 
G0 2 /GH 2 Injector and Chamber 


Douglas G. Westra, PhD.*, Jeff Lin*, Jeffrey S. West, Ph D.*, Paul K. Tucker* 


This paper documents a continuing effort at Marshall Space Flight Center (MSFC) to 
use, assess, and continually improve CFD codes to the point of material utility in the design 
of rocket engine combustion devices. This paper describes how the code is presently being 
used to simulate combustion in a single element combustion chamber with shear coaxial 
injectors using gaseous oxygen and gaseous hydrogen propellants. The ultimate purpose of 
the efforts documented is to assess and further improve the Loci-CHEM code and the 
implementation of it. Single element shear coaxial injectors were tested as part of the Staged 
Combustion Injector Technology (SCIT) program, where detailed chamber wall heat fluxes 
were measured. Data was taken over a range of chamber pressures for propellants injected 
at both ambient and elevated temperatures. Several test cases are simulated as part of the 
effort to demonstrate use of the Loci-CHEM CFD code and to enable us to make 
improvements in the code as needed. The simulations presented also inlcude a grid 
independence study on hybrid grids. Several two-equation eddy viscosity low Reynolds 
number turbulence models are also evaluated as part of the study. All calculations are 
presented with a comparison to the experimental data. Weaknesses of the code relative to 
test data are discussed and continuing efforts to improve the code are presented. 
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Recommendations for Future Work 
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The Need for Improved Injector Design Tools 
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Environments are 3 dimensional 
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Verification <& Validation of computational solutions are the primary 
means to quantify and build this confidence 
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Devices Technology, Chattanooga, TN, 2003. 




Background - Constellation University Institutes Project 
TCA Virtual Institute Vision-Objective 
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Fuel Preburner 
Failure at 3.6 sec. 
February 12, 1982 


Background - Constellation University Institutes Project 
TCA Virtual Institute Vision-Objective 
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CFD Codes being Developed for MSFC Injector Devices Design Efforts 
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Experiment Program to lead toward better understanding of heat flux 
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300, 450, 600, 750 psia 
Propellant Temperatures of 
• -300 K 

. -700-800 K (via oxygen and fuel Pre- burners) 
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750 psi Test Conditions Measured Wall Temperatures at 750^si 




Test Effort - Relation to CFD Analysis 
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CFD Simulations 
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Ambient Propellant Results - 300 <& 450 psia 
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Ambient Propellant Results - 600 <& 750 psia 
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Hot Propellant (Pre- Burner) Results - 300 A 450 psia 
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Conclusions of Pre-Conditioning, Turbulence 
Model Study and Mesh Studies 
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